One of the most damaging of these environmental issues is the use of fossil fuels resulting global warming due to the release of carbon dioxide (CO 2 ) into the atmosphere. The world's dependency on fossil fuels has also led to depleting supplies creating a need to develop alternative energy sources. Fossil fuels are used to supply energy for many applications such as industry and farming but the use of fossil fuels for transport is by far the most extensive.
Introduction
Since the beginning of the industrial revolution many environmental issues have started emerging due to the growing human dependency manufactured items, transport and the constant desire to increase personal wealth. The result is a lifestyle that puts great pressure on our planets environment and ecosystem creating changes so vast that the very ability of the life on the planet to survive is being pushed beyond its tolerances.
One of the most damaging of these environmental issues is the use of fossil fuels resulting global warming due to the release of carbon dioxide (CO 2 ) into the atmosphere. The world's dependency on fossil fuels has also led to depleting supplies creating a need to develop alternative energy sources. Fossil fuels are used to supply energy for many applications such as industry and farming but the use of fossil fuels for transport is by far the most extensive.
Many alternative energy supplies to fossil fuels are emerging offering great potential such as wind, solar, hydro and biofuels. Some of these alternatives are proving to be both viable and practical but a lot more research and work needs to be done by governments and the private sector throughout the world in order to completely address the problem of global warming. Biofuels offer a good alternative as an energy source for transport due to the mechanical aspects being similar to fossil fuel engines meaning the transformation can be easily achieved.
For many years algae has presented itself as a problem in water supplies causing large contamination problems but now it is showing great potential as a feedstock as a biofuel. The cultivation and processing of algae is currently been undertaken by many different research institutes throughout the world. The focus is on different growing conditions and processes, different species, ways of growing and processing algae and development of competitive economic methods of producing algae biofuels. Species of microalgae show the most potential and these species perform well in the natural sunlight of open ponds which is a cheaper way of cultivation and doesn't present the operating challenges of closed systems. Finding ways of harvesting and removing moisture from algae crops is one of the major challenges related to growing algae for biofuels to be overcome.
There are many applications for harvesting algae currently utilized but research needs to continue to developing more cost effective techniques.
Algae can be grown in most parts of the world but to produce algae in a financially viable quantity optimum growing locations need to be sourced. Ideally these locations shall have a suitable and reliable water supply, a climate with plenty of year round sunlight and suitable temperatures without sudden fluctuations. Other factors that need to be considered are the availability of local resources, access and transport to the growing location and economic aspects like funding and the political climate and stability of the country.
The construction of an open pond micro algae requires a considerable resources including the acquisition of land, civil engineering construction, hydraulics, filtration, electrical components, electronic control equipment and biological testing equipment. The designer needs to consult with a large amount of professional people from different specialties to achieve a viable working plant.
Other factors that need consideration are the availability of infrastructure such as roads to the plant, power supplies and ensuring a suitable constant water supply. The plant needs to be as efficient as possible adopting renewable energy techniques, recycled water supplies and constant monitoring to ensure optimum conditions at all times.
Scope of this Paper
This paper intends to identify some of the world's most suitable locations for microalgae production based on Geographic's, climate and suitable water supply. Other factors to be considered will be the local political circumstances, access and the availability of resources such as materials, labor and expertise. As part of identifying the most suitable locations a brief study description of the life cycle of microalgae shall be included in this paper. This paper shall seek to iden- The intention is to display that these locations can be in from very different parts of the globe but still have some similarities in their climatic, topographic and water supply suitability potential in the production of microalgae. These locations may differ greatly in their economic and political environments which shall also affect their viability for microalgae cultivation for biofuel, but to a lesser extent than the natural environment.
The construction of an open pond microalgae production plant requires in depth research in exploring the feasibility of such a plant to be able to operate in an efficient, cost effective and environmentally responsible manner. To increase efficiency and environmental sustainability of the plant every effort should be taken to maximize available re-newable energy supplies including solar and wind resources. An extensive hydraulic design is essential to maintain adequate water supplies whilst a complex control system is needed to ensure optimum growth conditions at all times. Depending on the location of the plant and the surrounding infrastructure the possibility of using re-cycled water may also be an option. As part of this paper in depth design drawings and specifications shall be undertaken including the construction, hydraulic, electrical, civil, control system and energy supplies. It is the intention of this paper to produce preliminary drawings specifications including costs to help determine the viability of such a project.
Microalgae Biology & Life Cycle
In order to locate and build a microalgae plant it is important to understand the biology and lifecycle of different microalgae species to ensure that ideal conditions are maintained and a premium yield is achieved.
Microalgae are one of the oldest life forms on the planet existing for billions of years made up of simple but very effective structure. Microalgae are primitive organisms with a simple cellular structure and a large surface-to-volume-body ratio, which gives them the ability to uptake large amounts of nutrients [1] (De- 
2010).
Many different species of microalgae have been both trialed and utilized in the product of biofuels with new species currently emerging also offering potential.
The selection of species is often determined by the existing local conditions and the viable modifications that can be made to the location. Successful microalgae cultivation requires specific environmental conditions, which vary from species to species [2] 
Micro Algae Cultivation
Growing micro algae for biofuels or any other type of energy supply has been occurring for a long time throughout many parts of the world. Renewable energy production from microalgae is not a new concept and has been carried out since the last century [2] (Singh N. & Dhar D. 2010). The ability of microalgae to efficiently convert energy from the sun combined with its fast growth rate and minimal requirement of land area is well recognized. Microalgae are known to make far more efficient use of solar energy than conventional agriculture and therefore, there has a large potential for biomass production with comparatively Cultivating Microalgae is still open to extensive research with trials continuing in many corners of the world. The current extensive research and development activities on microalgae as commercial sources of renewable fuels and energy rely on the basic and applied research on biology, physiology, cultural methods, cultural systems etc undertaken in the past [3] (Borowitzk N. & Moheimani N. 2012). The oil content of microalgae can be very high which is one of its many features that have attracted scientist and engineers alike to continue research and development of this technology. Oil content of some microalgae can be as high as 90% of dry biomass weight under extreme growth conditions, and the potential high oil content and dense biomass makes algae an interesting renewable fuel source [6] 
The diverse range of microalgae growing conditions and large number of species offers many methods and possible locations to grow microalgae, but to be viable and obtain a highest possible yield the effort must be taken to choose the most productive species whilst maintaining optima conditions to suit that species. The best approach would likely be to screen for highly productive oleaginous strains at selected sites, optimizing growth conditions for large scale culture, and optimizing productivity and lipid production through genetic manipulation or biochemical manipulation of the timing of lipid accumulation in the selected strains the most promising species for biofuel production are Botryococcus braunii due to its rich quantities of hydro-carbons, Nannochloropsis salina for its high quantities of esters, and Dunaliella salina for its fatty acid content [7] (Gorden R. & Seckbach J. 2012). See Table 1 .
Successful microalgae cultivation requires specific environmental conditions which vary from species to species [2] (Singh N. & Dhar D. 2010) to achieve Ideal cultivation conditions many factors need to be taken into account. The major parameters influencing biomass production include light of proper intensity and wavelength, temperature, CO 2 concentration, nutrient composition, salinities and mixing conditions [2] In selecting a suitable location to grow microalgae efficiently it is important to take into account light and temperature as being paramount, as creating these conditions artificially can be a very expensive and difficult challenge. Light and temperature are probably most important and well studied factors limiting the lipid and fatty acid composition of algae [3] (Borowitzk M. & Moheimani N. 2012).
Growing algae for biomass is also becoming useful system for wastewater treatment as the algae captures carbon dioxide, releases oxygen. An emerging 
Closed Systems
Closed systems offer much better environmental control and enables microalgae production to take place in locations a wider range of locations but at a must higher cost in both infrastructure and operational cost. Algae grown in an open system is prone to various environmental uncertainties like temperature fluctuation, weather change, consumption of the nutrients by other organisms in the pond, and stray pathogens [6] (Jayaraman S. K. & Rhinehart R. R. 2015). Closed systems (photobioreactors) have been developed recently by the Japanese, French and German governments offering better control of the environment but higher development and operational cost but can return better yields. When designing a photobioreactor, design parameters such as reactor dimension, flow rate, light requirements, cultural conditions, algae species, reproducibility and economic value need to be taken into consideration [1] (Demibras A. & F. 2010).
Open Raceway Pond Systems
Open raceway pond systems are the cheapest and most productive form of Microalgae cultivation providing ample sunlight and suitable temperatures are available along with a reliable water supply and readily available nutrients. Open pond systems are the oldest and simplest systems for mass cultivation of microalgae [1] (Demirbas A. & F. 2010) . Open pond systems are usually large and shallow with a raceway configuration where paddle wheels keep the algae in circulation. As shown in Figure 1 one of the major advantages to of open pond systems is that they are easier to construct and operate than most closed systems, resulting in a low production and operating cost [7] (Gorden R. & Seckbach J.
2002). The system is often operated in a continuous mode, i.e. fresh feed is added in front of the paddle wheel, the fresh feed is added in front of the paddlewheel and the algae broth is harvested behind the paddle wheel after it has circulated through the loop The scope of this paper shall be dedicated to the cultivation of microalgae in an open pond raceway systems with a high emphasis on optimizing locations and environmental conditions. An attempt will be made to qualify the most viable methods of producing microalgae biofuels based on location and design rather than investigating other methods that require higher investment and operational cost.
Components of System
Some variation in the construction of open pond raceway algae farms can occur the most have the same basic construction components with big variations in size not being uncommon.
Some of the main components include
The type and configuration of all components of an open pond raceway system should be subject to in depth research to check compatibility with the other components, availability and the local cultivation systems
Determining the Most Suitable Locations for Microalgae Cultivation
Growing microalgae for biofuel is not a cheap process and finding the best locations in order to be viable is paramount. Despite algae being very diverse in their ability to grow in a broad range of conditions, locating a microalgae production plant in a location where the natural conditions are most suitable offers many advantages that will result in cost saving and increased viability. Developing a 
Suitable Light Conditions
Suitable light conditions are extremely important to algae growth as this forms 
Temperature
Despite algae naturally occurring in all parts of the world including some of the coldest regions, they have the strongest representation in warmer climates where most species occur reproducing and thriving in warmer waters. Generally, rise in temperature leads to an exponential increase in algae growth until an optimum level is reached, after which growth declines [2] 
Nutrients
Nearly all natural water supplies contain some levels of nutrients but to encourage active algal growth often organic and inorganic needed to be added to achieve optimum results. Nutrient availability affects significantly the lipid composition of algae, and a number of broad affects of nutrient limitation have been reported as important modulators of algal lipid biosynthesis 
Water Supply
Water is in abundance throughout many parts of the world, but finding locations with plenty of sunlight and ample water with suitable salt levels is not so common. To provide the algae cultures with enough water for adequate growth, a water source or sources is needed near the designated site that is capable of maintaining a water supply based on the capacity of the algal production system Cultivating micro algae can often result in the utilization of water that otherwise has poor potential. One of the important factors that set algae biomass production technology apart from technologies reliant on terrestrial crop production is the ability of algae to utilize water of poor quality, unsuitable for crop production, which usually means brackish and high salinity inland waters and ocean sea waters [11] (Lundquist T., Woertz I., Quinn N. & Benemann J. 2010).
Renewable Energy Source
Pumping or moving water is one of the most significant uses of energy in the world today. It is estimated that across a total of three hundred million irrigated hectares globally, 62 TWh is expended annually in pumping irrigation water [12] (UNESCO 2014). Energy can also be a significant cost in running an open pond algae farm with primary energy being pumping and paddle wheel operation which can take place 24 hrs per day. Channel flow velocity is 15 to 30 cm/sec.
Higher velocities require too much energy, at least for biofuels applications [11] (Lundquist T., Woertz I., Quinn N. & Benemann J. 2010). Building an open pond alga farm in a region where plenty of sunlight occurs, and a reasonable amount of wind is available is desirer able as solar and wind energy offer a cheap carbon neutral alternative. Good opportunity exist to use renewable energy to offset energy supply currently used for pumping, particularly in those pumping applications which are subject to higher prices or in off-grid applications where the cost of pumping is higher [13] (Beca 2015).
Environmental Issues
Any form of industry or agricultural process has some potential environmental issues. Accessing and evaluating these issues is a critical part of an industry such 
Case Study of 3 Suitable Locations
As part of the scope of this paper it is the intention to explore some locations that could be considered as highly viable for microalgae biomass cultivation.
These locations shall be chosen based on high suitability with focus on the main criteria for microalgae biomass cultivation utilizing an open pond raceway system.
The main criteria include:
• The locations chosen for consideration based on the above criteria are:
• Iran's Salt Lake Urmia • West Australia's Pilbara Region • USA Salton Sea Lake
Brief Description of Iraq's Salt Lake Urmia
Iran is a very historic country with a very deep culture that lies in the Middle Lake Urmia is a salt lake in the North West in Iran which presents itself as an ideal location for a microalgae production plant with many advantages such as suitable water salinity, plenty of sunlight and warm temperatures. See Figure 3 .
A salt lake in Iran has given rise to a new species of algae for biofuel [16] (Najafi G., Ghobadian B. & Yusaf F. 2011). Lake Urimia's natural environment is very well suited to microalgae cultivation with algal blooms not being an uncommon occurrence on the region. The "Red Tide" is actually the result of an algal bloom, an event in which marine or fresh water algae accumulate rapidly in the water 
Brief Description of Western Australia Pilbara Region
Australia is a very vast land with multiple locations in the North Western corner that could be considered as having the ideal conditions for microalgae biofuel production. Western Australia already hosts the largest commercial microalgae production plant in the world, the Dunaliella salina plant producing the valuable 
Brief Description of Salton Sea Lake California
The USA has many locations that have been identified as potentially viable locations to grow microalgae for biofuel with particular focus on the states from the Pacific Ocean to the Gulf of Mexico. The Salton Sea Lake in Southern California has good environmental, geographical and climatic conditions to suit microalgae cultivation. Over the years the Salton Sea featured in several generic engineering cost analysis, including one that developed cost estimates for a pilot-scale facility and full scale (400 ha) microalgae fuels production on the shores of this lake [31] 
Comparing Locations
The three locations sited as suitable microalgae cultivation sites are in some ways very similar in their positive factors but also have many aspects where they are very different. Similar Aspects include:
• Salton Sea Lake California
The Salton Sea offers very high potential for achieving water purification from microalgae while at simultaneously producing microalgae for biofuel due to the large scale agriculture and nutrients runoff in its region. All together, about 35% of the irrigation water applied to fields in the Imperial and Coachella Valley irrigation districts enters the Salton Sea as agricultural wastewater [21] (Glen E., Cohen J., Morrison J., Valdes-Casillas C. & Fitzsimmons K. 1999). The viability of a combination a "Partitioned Aquaculture System" (PAS) and a at Salton Lake "Controlled Eutriphication Process" (CEP) appears achievable. Application of the PAS/CEP technology offers potential for demonstration of large-scale microalgae culture for intergrated environment mitigation related to reclamation of municipal solid waste, waste nutrient recovery and, "Greenhouse Gas" GHG reduction [18] (Brune D. Yen H. , Scharwtz G., Benemann J., Massingill M., Van Olst J. & Carlberg J., year unkown). The Salton Sea has a growing environmental issue in salinity build up threatening its viable long term future for microalgae biofuel production. As salinity increases, the reproductive fitness of organisms making up the present food chain will decrease [21] (Glen E, Cohen J, Morrison J, Valdes-Casillas C & Fitzsimmons K 1999).
Selection of Trial Location for Construction and Operating Model
As part of this paper one of the three locations is to be selected for further study and analysis so that a design and operating cost model can be created. This model can be used as an indicator to determine the viability and problems that may arise in such a project. The selection criteria must take into account all of the influencing factors that may impact on the project helping to determine its chances of successful operation. The influencing factors are of a very broad nature with consideration given to, but not limited to climate, topography, environmental risks, local infrastructure and local political and economic issues. See Table 2 . The collection of all the data required to fully determine the best trial location is beyond the scope of this paper and the chosen location is based on limited data and the discretion of the writer.
From the information displayed in the above chart and careful consideration of all documented information about each location the writer has chosen the Pilbara Region of Western Australia as the most suitable location for future research, design and operation of a microalgae cultivation for biofuel plant.
Development of Microalgae Biomass Plant in the Pilbara Region
The Pilbara region Western Australia is a fast area within itself with many possible locations that could be considered as having potential for a viable microalgae biomass cultivation plant. There is also access to an unlimited source of water (Indian Ocean), and Western Australia is one of the sunniest places in the world 
Chosen Location in Pilbara Region near Port Hedland
Port Hedland has manmade salt lake about 10km to the east of the city known as Cargil Salt Farm which is operated by Dampier's salt as a salt product plant. A small natural salt lake connecting to the sea by Beedingarra creek exist a further 5 km to the east with an area of 6 sq•km it has a water channel connecting to a larger salt lake/backwash around 20 km further east. The larger salt lake/backwash about 35 km east of the city have an area of approx 70 sq km with tidal estuaries adjoining the sea offering a reliable water supply and suitable topography.
A suitable potential location has been selected at the coordinates of −20.07141, 119.07394 about 5 mtr above sea level offering close proximity to the city, easy access and a reliable water supply. The location is crown land which is usually available for lease subject to many regulations and conditions. See Figure 7 .
Construction of Microalgae Biomass Plant in the Pilbara Region

Soil and Topography of Construction Site
The site is reasonable flat, naturally well drained, with low growing vegetation and is made up of mostly sand with the presence of some stones to small rocks.
Most of the coastal belt is alluvial plains of sand (Western Australian Planning
Commission 2009) The soil type is a determining factor in the construction method of ponds particularly in regards to permeability. Sites that have sandy or gravel composition will either need clay brought in to seal the bottom of the 
Open Raceway Pond Construction
Pond Structure
The first step in constructing a microalgae raceway open pond is the pond itself and the liner to be used which can be the most expensive part of the project.
Open ponds for algae production are relatively (compared to PBRs) simple in construction and operation [11] The depth of the pond is usually shallow such that it encourages so that light can infiltrate through to the full depth of the pond to simulate natural conditions. In this system, the shallow ponds usually about 1 ft deep are used to culture the algae by maintaining conditions identical to their natural environment [7] (Gorden R. & Seckbach J. 2012).
Open Raceway Pumping System
The transfer of water from the salt lake to the open pond can only be achieved from a pumping system with pumping also required for smaller applications such as to input of nutrients or water level control. All of these applications need to be carefully monitored by computer system that control all pumping and axillaries. The central processing facility will be equipped with the programming units that control the water/wastewater flow into and out of the pond while also automatically monitoring and controlling nutrient delivery [10] (Abodeely J., Stevens D., Ray A., Schaller K. & Newby D. 2013). In transferring water from the supply to the pond, the pumping system must take into account factors such as the required suction, flow, pressure, to achieve the required results whilst also taking into account economics and energy requirements. Pump performance is measured in terms of the flow rate that the pump can discharge against a given head at a given efficiency [23] (Jones G. & Sanks R. 2009). The pumping system needs to be able to replenish the water supply after occurrences such as natural evaporation and operational losses such as those that take place during harvesting. A water supply is necessary to make up for water lost through evaporation and blowout [11] (Lundquist T., Woertz I., Quinn N. & Benemann J. 2010). The Pilbara region is generally considered to be of a dry and hot region resulting in high evaporation rates which need to be carefully considered when designing an open pond raceway pumping system. It is noted that the Pilbara region contains some of Australia's consistently hottest places with highly irregular rainfall, where average yearly evaporation (approximately 3000 mm) exceeds average yearly rainfall [36] (Regional Development Australia Pilbara Committee 2013). Evaporation losses in open pond raceway systems can be higher than reservoirs as a result of their structural type and continuous movement. However algae ponds are not reservoirs, being much shallower and mechanically mixed, and thus are expected to have high evaporation rates [11] See Figure 9 . The function of the pumping system needs to be as energy efficient as possible which is best achieved by utilizing several pumps in parallel. Another efficient method of flow control, particularly for systems where static head is a high proportion of the total, is to install two or more pumps to operate in parallel [37] (Europe pump and Hydraulic Industry 2004). These pumps can come on individually as demand increase or decreases to ensure only the immediate required workload is allowed for by running only the combination of required pumps. Pumps in parallel are often used when the system has variable flow requirements and when these requirements are met by switching the parallel-connected pumps on and off [23] (Grundfos Handbook 2004) .
The pumping system incorporates a filtration system as part of the assembly.
See details under Filtration Systems Pump Specifications for Grundfos CR 10-4 (See Figure 10) .
When all the pumps are configured in parallel the pressure remains the same but each pump contributes to the flow making it easy to achieve the maximum required flow while still having the option of delivering small flows at constant pressure. As shown in Figure 11 . 
Filtration Systems
Water supply filtration is critical in the operation of microalgae cultivation systems for the removal of many foreign organic and inorganic particles and organisms. Filtration as a fluid-particle separation process is an engineering practice of long standing [30] (Tien C. 2012).
The pump station has 2 levels of filtration including a pre-filter that must be The pre-filter must be fine enough to remove any particles from the water that may be damaging to the pumping system but not so fine that blockages are take place quickly or too much friction loss occurs due to difficult passage. In the long term filters or strainers become clogged: this is their purpose [34] (Bachus L. & Custodio A. 2006). Careful calculations must be done to ensure that the filter self flushes before friction losses due to clogging have a detrimental effect on the pump. What must be done is establish the maximum flow, and the minimum flow, and implement controls [34] 
The ultra violet system must be efficient enough to minimize the risk that any other competing species is able to enter the system via the water re-fill process. The open pond system has a series disadvantage of being susceptible to contamination by unwanted species if utmost care is not taken [2] 
Paddle Wheel System
The paddle wheel systems main application is to start and maintain the flow of water through the raceway whilst mixing all nutrients etc. Pond mixing can be accomplished by current state of technology paddle wheels designed for raceway ponds [10] (Abodeely J., Stevens D., Ray A., Schaller K. & Newby D. 2013). The correct size of wheels and paddles is determined by the size of the pond and for large ponds the design usually allows for the water movement to be 20 -30 cm per second. Considerations for the number of paddle wheels for each pond are calculated on the dimensions of the channels. The design of the paddle wheel usually includes 8 blades per wheel to try to minimize power use by creating constant force resulting in even power usage. If one of the blades are not always immersed then there is no increased power requirement when the blade first enters the water due to sudden resistance encountered by the blade as it enters the water [3] (Borowitzka Moheimani 2012) . The power usage of paddle blades can be considerable meaning correct design is critical. See Figure 12 .
Paddle Wheel Energy Consumption: 37 kW × 24 hrs: Total Consumption 888 kWh per day
Control System
The control and monitoring system is usually incorporated within the pumps computer system and is responsible for monitoring and adjustment of many cultural environments such as temperature, PH, salinity, carbonation and nutrients. This system is made up of many different types of sensor that are located throughout many parts of the raceway to ensure precise readings of environmental conditions so that suitable adjustments can be automatically made. The central processing facility will be equipped with programming units that control water/wastewater flow in and out of the pond while also automatically monitoring and controlling nutrient delivery [10] (Abodeely J., Stevens D., Ray A., Schaller K. & Newby D. 2013). These systems, however reliable are still subject to error and from time to time these parameters should be monitored manually whilst also watching the algae health to ensure a viable crop. Ideally, the plant manager and operations supervisor will monitor pond conditions and identify culture conditions where specific samples need to be collected for analysis [10] 
Carbonation System
Carbonation Pumps are designed to add carbon dioxide to the water which enhances the growth of algae. Most algae cultures are carbon limited and the addition of a carbon source such as carbon dioxide will enhance productivity [3] (Borowitzka Moheimani 2012). During peak growing times such as summer carbonation levels need to be higher to accommodate for faster intakes due to rapid growth. Wastewater can have the advantage of high in organic carbon organic levels assisting in the further enhancement of growth. Organic carbon from wastewater is another form of carbon used for algae cultivation [10] The design of the carbonation system should take in account the size of the pond, number of carbonate systems and energy use. Pond size and/or the number of carbonation stations is determined by the carbon storage capacity of the water [26] (Weissman J. & Goebel R. 1987). Carbonate systems require more depth than the growing conditions to operate efficiently so sumps must be constructed (1.2 to 1.5 mtr) to allow for this. Sumps are necessary in order to provide a deepened area for CO 2 additions so that high absorbtion is achieved, and to provide a collection point for draining the pond [26] (Weissman J. & Goebel R. 1987 ). The bubble release system needs to be designed to maximize the delivery of CO 2 into the water. The gas transfer efficiency can be improved by using smaller bubbles through the use of sintered porous stones or pipes, resulting in larger gas-liquid interface area compared to larger bubbles [3] (Borowitzka Moheimani 2012). As shown in Figure 13 .
Continuing research is underway to determine the optimum CO 2 to water ratio for efficient algae growth. However, initial values for values for saturation region sharply vary from author to author-from 0.1% to 10% [27] (Gitelson J. & Lisovsky G. 2003) . The pump size and number of pits for a open raceway pond is very dependent on many factors and should also take into account energy consumption. The device supplying the CO 2 optimizes the purification of the gas used as sources of CO 2 , adjusting its flow and design system to achieve high gas purification and therefore, a greater utilization of the CO 2 supplied, with minimum energy consumption [28] (Patent EP2712917 A1 2013). 
The Flocculation Process
Chemical flocculation is a method of reducing harvesting cost by minimizing the energy required in the centrifugation process due to the flocs being more dense and responding more readily to centrifugal forces. The resultant flocs are gener- 
The Centrifugation Process
Centrifugation combined with some flocculation is currently the most common 
Construction Cost
The construction of a project such as this is very difficult to cost and therefore this paper shall attempt to produce a budgetary price only with further research required to produce an accurate construction price. See Table 4 .
The construction price shall be affected by many variables such as:
• 
Operational Costing
The operational costs are easier to predict than due to ease of regular and predictable chemical, power and labor prices. See Table 5 
Economic Viability
Expected Yield
The expected yield of oil from microalgae per hectare is paramount in determining the viability of a project of this type. The oil level of microalgae from the Salt Lakes of the Pilbara is expected to be high due to the excellent natural conditions of the site. The paper considers Pilbara salt lakes as natural reactors for biofuel production. See Table 6 .
Cost of Biofuel per Litre
The Construction Cost will be depreciated at a rate 25 year However there is a lot more cost that need to be considered to get the figure in perspective.
• Transport from point of production to refinery showing a changing depleted fossil fuel market and more efficient microalgae production is required before microalgae can compete with fossil oil from an economic point of view.
Reduced Cost from Using Wastewater
Wastewater from local industries or agriculture often contain contaminates that increase the yield of microalgae, whilst at the same time reducing the operational cost of cultivation. Thus, some wastewaters can be used as both carbon and nitrogen sources for cultivation of microalgae [28] Further research of wastewater availability and treatment in the Port Headland region would be required to determine if a significant improvement in the efficiency and viability of the plant can be achieved. This research is beyond the scope of this paper and would need to be explored in future papers.
Reduced Cost from Local Renewable Energy Production
The Port Headland region is blessed with ample daily sunlight hours (average 11 hours per day) all year round making it an ideal candidate for the production of solar electricity and the opportunity of the microalgae being self sufficient in its power supply. As shown in Figure 15 . Producing all the required energy by renewable sources on site has the potential to save $26,215.00 per year from the overall operational cost per hectare.
This would bring the production cost down to 73.2 cents per liter The most viable opportunity of producing renewable energy on site would appear to be solar due to Port Hedland having an average of 11 hours sunlight per over the entire year. Unfortunately this would result in further construction cost which would result in an increase in production cost.
The energy required to run the plant at 1229 kWh per Day with 11 hours sunshine per day results in a 111.72 kW system required.
The average solar panel is rated at 260 W 111.72 kW/260 W = 430 Panels would be required The area required to house the solar panels to produce a required amount of power varies a lot depending on local conditions. With the existing levels of energy conversion efficiencies the land area for a solar power plant is fairly large about 2.5 -3.0 hectares per megawatt (depending on technology) for solar PV technology, and about 2.5 hectares for CSP technology [32] The above figures indicate that it is well worth utilizing the sunlight hours per day at Port Hedland. Not only does it make the production cost per liter of microalgae biofuel more viable but it also offers many environmental advantages.
The site may also offer potential for wind power production but the actual figures are beyond the scope of this paper.
Conclusions
The concept of growing microalgae as a form of renewable energy has been in practice for decades with some encouraging results and figures emerging. Until very recent years, when the price of fossil fuels was increasing at a rapid rate, it appeared that biofuel's (particularly microalgae biomass) were becoming competitive in the market place. But at the time that this paper was written there seems a worldwide fall in fossil fuels prices indicating that biomass fuels will not term that continued education and human awareness of the world's environmental problems will continue to be focused on and resolutions shall be sought.
Despite the efforts of trying to locate and develop the most viable microalgae conditions the numerical findings of this paper do not result in favorable indicators for growing microalgae as fossil fuels in the world's current economic climate. Fortunately the growing of microalgae offers itself to many other industries such as water treatment, the production of cosmetics and pharmaceutical products giving good reasons for continuing research. The prospect of utilizing microalgae for water treatment and producing other microalgae products during the same application has proven potential and this alone gives grounds for more research. Further research in species, locations and cultivation methods is likely to lead to greater yields and reduced operational cost with the opportunity of captivating markets in years to come.
With continued research and greater world awareness of environmental issues it is the view of the writer that microalgae will become viable as a biofuel food stock. The results from changing economic conditions and the social desire to address the world's environmental problems should increase the focus on such technologies. The changes must come from governments, business and the general community alike in order to preserve our planets well being and retain a livable environment.
Microalgae have existed on the planet for a very long time and may well play a major role in a changing world for a long time to come. I believe that the long term outlook of future energy sources is positive and microalgae may well play a big part of the resolving our day to day energy requirements. 
